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ABSTRACT 


In Lake Baikal, the majority (87%) of fish biomass is generated in the pelagic zone. Two species of Comephorus, 
three species of Cottocomephorus and Coregonus migratorius inhabit in the pelagic zone of the lake. Currently, 
only C. migratorius is considered a resource species, the harvest of which accounts for about 50% of the total fish 
harvest. Food items for pelagic fish are copepods Epischura baikalensis and pelagic amphipods Macrohectopus 
branickii. The seasonal distribution and formation of zooplankton concentrations determine the food migrations 
of fish. The patterns of the seasonal distribution of zooplankton and pelagic fish were described by M.M. Kozhov 
(1954, 1964). Comparative analysis of the abundance of zooplankton in South Baikal over time, showed that dur- 
ing the period of maximum development of E. baikalensis in the months of July, August, and October, zooplankton 
concentration in the decade 1997 to 2007 was twice more than in 1951 (Kozhov 1954; Kiprushina 2010). The 
distribution of E. baikalensis is directly dependent on the water temperature. Yet there is an inverse relationship in 
the surface layer 0—25 meters. During warming up of the surface water layers, which had been observed in 2002 
year E. baikalensis left the upper zone and migrated deeper, to a layer of 50—100 meters. In other months of the 
year, no changes in the average values of the E. baikalensis abundance were revealed. At present, when the ecosys- 
tem of Lake Baikal is changing, there is a need to restart such complex studies, and to use the results obtained by 
M.M. Kozhov for comparative analysis. 
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PESIOME 


B o3epe Batixan 6onbmas 4acTb (87%) 6HOMAaCCHI pbié co3gaeTca B OOMMPHONU Nenaruanu. B nenarnan o3epa 
oOuTaioT ABa Bua Comephorus, Tpu Buga Cottocomephorus n Coregonus migratorius. B HacToallee BPeMA M3 TUX 
BU JOB PeCY PCHBIM CYHTAETCA TOKO C. migratorius, BÞIJIOB KOTOPOro COCTaBJAeT OKOJIO 50% OT o6mero yOBAa 
ppi6n1. Kopm Ana Wemaruueckux ppid — BecmoHorue pauku Epischura baikalensis n tenaruueckaa ampunona 
Macrohectopus branickii. CeszoHHoe pacnpezenenne n POPMUpOBaHHe KOHILCHTpalui 300M1aHKTOHA ONpe- 
J@IAIOT MMNEBhIe MUrpaluu pHi. 3aKOHOMePHOCTH Ce30HHOFO paciipeseeHUA 300NIaHKTOHAa M Wemaru- 
yeCcKUx pbid onucaHbt M.M. Koxxospim (1954, 1964). CpapHutTenbHbIi aHauiu3 UMCAeCHHOCTH 3001 aHKTOHAa 
joKHOTO Bbaiikata Cc TeYeHHeM BPeMeHHM OKa3zaJl, YTO B NeEpHOAĄ MaKcuMasbHOrO pasBuTua E. baikalensis B 
HIOJIE—OKTAÓpeE KOHIEHT Palla 3001 aHKTOHA 3a AecaTusetTue c 1997 no 2007 rr. BaBoe Gombe, vem B 1951 r. 
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(Koxos 1954; Kunpymuua 2010). Pactpocrpanenue E. baikalensis HallpaMy} 3aBUCHT OT TeEMIepaTy pb BOLDI. 
Ho B NOBepxHOCTHOM CJIoe 0—25 M HaO mio aeTCA OOpaTHasd 3aBHCUMOCTS. Bo BpeMA I1porpeBa MOBEpXHOCTHBIX 
CJIO€B BOABI, KOTOpoe Habsogan0cb B 2002 r., E. baikalensis tokuqaeT BeEpXHIOI0 30HY M YXOAZUT rayOxe, B CON 
50—100 m. B ocrambHble MecalbI Toga H3MEHEHMÄË CpeqHUX 3HaveHUu YucneHHOCcTH E. baikalensis He BbIABIICHO. 
B Hacroanee BpeMA, KOrga IpOHCXOAMT U3MeHeEHWe IKOCHCTeMBI 03. baiikan, BOZHUKMa HeEOOXOAMMOCTh 
BOCIIPOM3BeNe€HUA TMOMOOHBIX KOMIIJICKCHBIX MCCJEeJOBAHMÄ M MCHOJb30BATb pe3yJIbTATHÞI, MOMyUeHHBIEe 
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INTRODUCTION 


The ecosystem of Lake Baikal is regarded as an 
unique source of the biological resources. Their con- 
dition, assessment and methods of rational use have 
always posed a challenge. In the scientific community 
there is a view that changes in natural ecosystems 
occur in “catastrophically short time scales.” In this 
regard, there is a need for the availability of sound 
information about the state of biological resources 
during the period of stable states of ecosystems. Such 
data is utilized as background information for com- 
parative analysis and forecasting likely ecological 
risks during large ecosystems changes. 

The ecosystem of Lake Baikal is characterized by 
a high degree of entropy, a state close to equilibrium. 
The large pelagic zone, the deepest part of which is 
characterized by stable environmental conditions, 
determines the stable functioning of organisms at 
different trophic levels. The trophic level of meso- 
zooplankton in pelagic zone of Baikal is mainly 
represented by the species Epischura baikalensis 
(Copepoda), the trophic level of macroplankton — by 
the species Macrohectopus branickii (Amphipoda) 
(Kozhov 1954, 1964, 1969). Pelagic fish form two 
trophic levels: the level of five species of cottoid fish 
(three species of the genus Cottocomephorus and 
two species of the genus Comephorus), consume zoo- 
plankton and their own juveniles, and the trophic 
level of predatory fish is represented by one species — 
Coregonus migratorius, feeding on zooplankton and 
cottoids of the previous level (Sideleva 2003). 

In recent years, changes had been noted in the 
coastal phytobenthic and pelagic phytoplankton 
communities of Lake Baikal. While there is also a 
decline in the number of the Baikal omul (C. migra- 
torius). Additionally, within the past 50 years, the 
population of the Cottocomephorus grewingkii, has 
not been able to recover, the commercial harvesting 


of which was prohibited in 1971 (Khanaev et al. 2016; 
Sideleva 2020). 

Research by M.M. Kozhov (1954, 1964) regard- 
ing the relationship between the consumption of 
zooplankton and the state of pelagic fish population 
can serve as background data for a comparative as- 
sessment of changes in the Baikal ecosystem. 


SEASONAL DISTRIBUTION 
OF ZOOPLANKTON AND PELAGIC FISH 


Winter ice period 


Lake Baikal zooplankton was represented mainly 
by the species E. baikalensis, which had a distinct sea- 
sonal distribution (Fig. 1). In the sub-ice period from 
January to March, the number of adult and copepodite 
stages of crustaceans in the 0—250 meter layer reached 
100 000—150 000 ind/m? (400-600 ind/m?), bio- 
mass — 7—9 g/m? (0.028—0.036 g/m?) (Kozhov 1954). 
At this time, about 30% of adults of E. baikalensis 
had been concentrated at the intermediate layer of 
150—250 meters. The pelagic amphipod M. branickii 
was concentrated in the 200—300 meter layer, and 
performed migrations to the surface sub-ice layers of 
water at night. 

Planktivorous fish: C. migratorius, C. grewinghkii 
and C. inermis had been found in wintering grounds, 
in the area of the submerged coastal slope, at a depth 
of 200-300 meters near vast shallow waters (Fig. 2). 
Pelagic Comephorus during the ice period were dis- 
persed in the water column, but formed higher popu- 
lation density at a depth of 150—350 meters. During 
the ice period, Comephorus were caught together with 
omul (C. migratorius). The water temperature at this 
depth had reached 3.5-3.6 °C, which was 2.5 times 
warmer than at a depth of 50 meters. In March, zoo- 
plankton started to move to the surface water layers 
0 to 50 meters (Fig. 1). 
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Fig. 1. Vertical distribution of Epischura baikalensis in the pelagic zone of South Baikal in winter (under ice) (Kozhov 1954). 


Spring period 


Under influence of wind and sun, ice of Lake Bai- 
kal usually melts in the springtime period from April 
to May, thus commencing to the spring turnover. 
Soon, at the end of April and the first half of May, 
when the temperature in the entire water column of 
Lake Baikal reaches 3.5 °C, zooplankton accumula- 
tes in the surface layer (Fig. 3). 

The pelagic fish C. migratorius, C. grewingkii and 
C. inermis started to migrate to the shallower regions 
closer to the coast (Fig. 4). Separate flocks migrated 


along the coast. During the May, C. grewingkii span- 
ners in breeding plumage migrated to the littoral of 
the lake, and spawned in rocky areas. 

In the second half of May and June, zooplankton 
was dispersed throughout the water column of the 
lake and did not form dense accumulations, which 
are very important for fish nutrition. In the shallow 
water, the water started to warm up. Already at the 
beginning of June, the abundance and biomass of 
zooplankton in shallow water reached significant 
values up to 1.6 g/m? (Kozhov 1954). This was one 
of the most important reasons for the mass migra- 
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Fig. 2. Distribution of pelagic fish during the ice period in the pelagic zone of Lake Baikal. 


tion of the Baikal omul into the littoral of the lake 
(Fig. 5). 


Summer period 


In July there was a clear thermal stratification. In 
the upper layers of the lake, the temperature reached 
9 °C. Clear vertical differentiation congruent with 
temperature has been observed in plankton distribu- 
tion. The summer reproduction of E. baikalensis also 
started in July. In the upper water layer 0 to 50 meters 
the number of nauplii was up to 75% (Fig. 6). In to- 
tal, the layer 0-250 meters contained 1 800 000 ind/ 
m? (or 7200 ind/m?) (Kozhov 1954). In 1947-1949, 
1951 years, the number of nauplii reached 4 000 
000-6 000 000 individuals. At the end of July, the 
number of copepodite stage crustaceans increased 
sharply (Kozhov 1954). The maximum number of 
copepodites in the 0-250 m layer in 1947—1949 and 
1951 was 2 000 000—4 000 000 ind/m? (on average 
1 250 000-1 450 000 ind/m?) (Fig. 6). At least 
70—80% of crustaceans accumulated in the layer 0 to 
50 meters. At the end of July, August and September, 
the annual maximum development of E. baikalensis 
was observed (Fig. 7). Crustaceans were evenly dis- 


persed over the entire 0—250 meters layer. The total 
biomass of E. baikalensis in this layer was 39 g/m? (or 
0.16 g/m?). Currently, the daily vertical migrations of 
zooplankton were clearly expressed. Macroplankton 
(M. branickii) also had been distributed in the 0-300 
meters layer and, following E. baikalensis, made ver- 
tical diurnal movements. 

In the summer, C. migratorius moved away from 
shallow waters to the open areas of the lake, into 
layers of water rich by zooplankton (Fig. 8). In the 
darkness, C. migratorius stayed closer to the surface 
than during the day. This was attributed to the ver- 
tical migrations of zooplankton into the upper water 
layers. 

Until completion of spawning, Cottocomephorus 
adhered to the coastal area and actively fed upon 
zooplankton. In July — August larvae of Cottocome- 
phorus appeared and migrated as a school along the 
coast. For C. migratorius and adult Cottocomephorus 
larvae had been the main food source at this time. 
In open areas of the pelagic zone, a high level of zoo- 
plankton biomass was sustained till the first half of 
October. Therefore, the period from mid-July to the 
end of September was the main feeding period for 
planktivorous fish in the open pelagic zone of the lake. 
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Fig. 3. Distribution of Epischura baikalensis in the 0—250 m layer, above a depth of 800 m in spring (Kozhov 1954). 


Autumnal period 


In autumn, in the second half of October and 
November, the upper layers of the lake were cooled, 
the wind circulation intensified, and by the end of 
November, autumnal homoeothermic regime was 
established. Plankton scattered and went to the deep 
zone of 100-500 meters (Fig. 9). Macrohectopus 
branickii migrated to the bottom water layers with 
fading of vertical migrations. 

White-fish C. migratorius feeding in the pelagic 
zone moved closer to the shallow waters. The mass 
development of zooplankton was gradually dying 
out (Fig. 10). Closer to the winter period, the part of 
zooplankton was concentrated at a depth of 150-300 
meters. Planktonic Cottocomephorus again gathered 


in the depth of 200-300 m, and remained there for 
the winter. 

In 1947—1949 and 1951, throughout the year, the 
total number of E. baikalensis adults and copepodites 
varied at 14.5 times, from 100 000 in January to 
1 450 000 ind/m? in September. The total biomass 
at this time changed at 5.6 times, from 7 to 39 g/m?. 
50 years later, in the early 2000s, the total number of 
E. baikalensis in the upper layer of 0—25 m changed 
more than 70 times — from 37 470 to 2 670 200 ind/ 
m’. The average number of E. baikalensis in 1951 
was 405 820 + 59.7 ind/m? (Kozhov 1954). This 
value was two times less than the average long-term 
value of the abundance of zooplankton in 1997—2007 
(Kiprushina 2010). 
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Fig. 4. Spring migration of pelagic fish to the coastal area of the lake. 
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Fig. 5. Concentration of pelagic fish in the coastal zone of Lake Baikal — “halt”. 
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Fig. 6. Maximum numerical and uniform distribution of zooplankton in the water column in summer (Kozhov 1954). 
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Fig. 7. Dynamics of seasonal changes in the abundance and biomass of zooplankton in the open pelagic zone of Lake Baikal (Kozhov 


1954). 
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Fig. 8. Dispersion of omul (Coregunus migratorius) in the upper layers of the pelagic zone in summer. 
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Fig. 9. Distribution of zooplankton in autumn (Kozhov 1954). 
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Fig. 10. Coregunus migratorius and Cottocomephorus in the coastal pelagic part of Lake Baikal in autumn. 


CONCLUSION 


One of the main food items for pelagic fish of Lake 
Baikal is the copepod Epischura baikalensis. In the 
summer, its biomass reached 74—100% of the total 
zooplankton biomass of the lake. In shallow waters, 
and sometimes in the open areas of the lake, Cyclops 
kolensis had been found together with E. baikalensis. 
In the deep-water pelagic zone of the lake, the pelagic 
amphipod Macrohectopus branickii was a valuable 
food item for fishes. 

It was shown in the experiment that C. migrato- 
rius actively fed when number of copepodite stages 
reached 30—35 specimens per liter (Potakuev 1954). 
Such concentrations of zooplankton were formed in 
spring and summer at night, when 60-70% of crusta- 
ceans gathered in the surface water layer 0 to 5 meters. 
The abundance of copepodite stages of E. baikalensis 
in these layers could reach 150 to 300 specimens per 
liter. In addition to E. baikalensis, the omul fed on 
pelagic amphipods M. branickii, which able to catch 
in individual specimens, regardless of concentration. 
An assessment of the forage base of Lake Baikal 
showed that the main fish production was formed in 
the pelagic zone. In addition to omul, two species of 


Comephorus and 3 species of sculpins genus Cotto- 
comephorus could be found in the pelagic zone of Lake 
Baikal, which are able to use lower concentrations of 
zooplankton than omul (C. migratorius). 

Comparative analysis of the abundance of zoo- 
plankton in Southern Baikal in different years 
showed that during the period of maximum develop- 
ment of E. baikalensis in July, August, and October, 
its number in 1997-2007 was twice more than in 
1951 (Kozhov 1954; Kiprushina 2010). The distri- 
bution of E. baikalensis was related to water tempe- 
rature, and in the surface layer from 0 to 25 meters 
had an inverse relationship. During the warming up 
of the surface layers of water, which was observed in 
1947—1949, 1951 and some years of the last decade, 
E. baicalensis left the upper zone and went deeper, to 
a layer of 50—100 meters. In other months of the year, 
no changes in the average values of the E. baikalensis 
abundance were revealed (Kozhov 1954). 

Review of research from 1948 to 2007 showed 
that the life strategy of pelagic fish of Lake Baikal, 
including vertical distribution, seasonal differentia- 
tion, and trajectories of movement, had been associ- 
ated with seasonal redistribution and concentrations 
of food items. 
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The study of M.M. Kozhov involved an integral 
approach to solve the problem of the relationship be- 
tween aquatic organisms in the pelagic zone of Lake 
Baikal. In one complex had been studied the annual 
dynamics of the vertical distribution of zooplankton; 
relationship between clusters of zooplankton and pe- 
lagic fish (Coregonus migratorius, Cottocomephorus 
and Comephorus); feeding of pelagic fish. In the ex- 
perimental conditions of the aquarium in the village 
of Bolshiye Koty, an abundance of Epischura bai- 
kalensis per liter was determined, at which an adult 
omul started to feed on. The feeding coefficients were 
experimentally determined and showed the quantity 
of food which was necessary for the greatest increase 
in omul biomass. M.M. Kozhov was able to combine, 
compare and generalize all results obtained from a 
system of relationships between zooplankton and 
pelagic fish. The revealed relationships can explain 
the seasonal distribution and trophic migrations of 
fish, they are stable every year, and can be called re- 
gular. After M.M. Kozhov, no one has repeated such 
complex studies. At present, when the ecosystem of 
Lake Baikal is changing, the need arose to start such 
complex studies, and to use the results obtained by 
M.M. Kozhov for comparative analysis. 
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